WHAT THIS STUDY ADDS:
This study is one of the few randomized clinical trials on this subject in children and the first multicenter trial. It exclusively included patients with septated empyema. Thoracoscopy and fibrinolysis with urokinase were equally effective for this condition. abstract BACKGROUND AND OBJECTIVE: Parapneumonic empyema (PPE) is a frequent complication of acute bacterial pneumonia in children. There is limited evidence regarding the optimal treatment of this condition. The aim of this study was to compare the efficacy of drainage plus urokinase versus video-assisted thoracoscopic surgery in the treatment of PPE in childhood.
METHODS: This prospective, randomized, multicenter clinical trial enrolled patients aged ,15 years and hospitalized with septated PPE. Study patients were randomized to receive urokinase or thoracoscopy. The main outcome variable was the length of hospital stay after treatment. The secondary outcomes were total length of hospital stay, number of days with the chest drain, number of days with fever, and treatment failures. The trial was approved by the ethics committees of all the participating hospitals.
RESULTS:
A total of 103 patients were randomized to treatment and analyzed; 53 were treated with thoracoscopy and 50 with urokinase. There were no differences in demographic characteristics or in the main baseline characteristics between the 2 groups. No statistically significant differences were found between thoracoscopy and urokinase in the median postoperative stay (10 vs 9 days), median hospital stay (14 vs 13 days), or days febrile after treatment (4 vs 6 days). A second intervention was required in 15% of children in the thoracoscopy group versus 10% in the urokinase group (P = .47).
CONCLUSIONS: Drainage plus urokinase instillation is as effective as video-assisted thoracoscopic surgery as first-line treatment of septated PPE in children. Pediatrics 2014;134:e1301-e1307 Empyema is the most frequent suppurative complication of bacterial pneumonia in childhood. 1 As a parapneumonic effusion progresses, fibrin and cellular detritus accumulate, the purulent fluid becomes septated, and a thick peel forms over the visceral and parietal pleura. Parapneumonic pleural effusion is thus classified into 3 stages of progression: exudative (stage 1), fibrinopurulent (stage 2), and organizational (stage 3). 2 An estimated 0.6% to 2% of pneumonia cases in children are complicated by empyema. 3 Since the 1990s, there has been a considerable worldwide increase in the incidence of empyema, with rates reaching 28.3% to 53% of all patients hospitalized for pneumonia. [4] [5] [6] [7] In Spain, an increase from 1.7 to 8.5 cases/ 100 000 children has been documented. 8 The 2 historical pillars of treatment of empyema are antibiotics and drainage of the purulent fluid by chest tube placement. However, in advanced stages of the condition, this approach is associated with lengthy hospital stays and high failure rates. [9] [10] [11] In addition to thoracotomy, 9-12 2 less invasive treatments have been examined: fibrinolytic agents instilled into the pleural space and videoassisted thoracoscopic surgery (VATS). The aim of both these approaches is to break up the septa, extract or fluidize the fibrin and cellular detritus, and thus restore normal function of the mechanisms of pleural reabsorption, making a quick recovery possible. 13 Two randomized controlled pediatric clinical trials have been published comparing the effectiveness of fibrinolytic agentsversus saline serum. Thomson et al 14 found that administration of urokinase significantly reduced hospital stay and was associated with a low failure rate (7%), whereas Singh et al 15 found no clinical benefit. In several pediatric series of empyema, VATS has been successfully used as salvage therapy [16] [17] [18] or as the initial treatment, [19] [20] [21] [22] resulting in earlier and more complete resolution of empyema and shorter hospitalization than with chest tube drainage alone. 23, 24 The small numbers of pediatric studies comparing VATS and fibrinolytic agents as the initial therapy for parapneumonic empyema have concluded that the 2 treatments are equivalent. [25] [26] [27] One of these studies, however, was a retrospective review of a hospital experience, 25 and the other 2 are clinical trials that included some patients with empyema without septations. 26, 27 In another clinical trial, which included children with empyema originating from various causes, VATS was compared with streptokinase treatment. 28 The authors reported similar success rates with the 2 methods and some advantages with the use of VATS.
To further evaluate the relative merits of these treatment modalities, the present trial was conducted to compare VATS versus urokinase instillation in a cohort of patients with septated empyema.
METHODS
The project was approved by the ethics committees of all the participating hospitals, as well as the Spanish Agency of Medicines and Medical Devices. Parental written informed consent, and consent of the children when applicable, was obtained from all participants.
Study Design and Sample Size
This study was a randomized, multicenter, open-label, parallel-group, pilot clinical trial, performed over 2 years at 6 Spanish university hospitals ( Table 1 ).
The study compared 2 treatments for parapneumonic empyema. 19 days in the urokinase group. These data suggested that there would be no significant differences in the duration of hospitalization between the groups. However, an equivalence test of means by using 2 one-sided tests on data from a parallel-group design to achieve 80% power at a 5% significance level, and considering equivalence limits of -1.50 and 1.50, would have had to include 378 patients in each group. We considered it unfeasible to recruit such a large number of children; hence, a pilot clinical trial without formal calculation of the sample size was conducted. Also based on our previous experience, the recruitment period was established at 2 years under the assumption that that period of time would suffice to enroll a larger number of patients than had been included in previous studies.
Inclusion and Exclusion Criteria
Previously healthy patients aged ,15 years with community-acquired pneumonia, a diagnosis of parapneumonic pleural effusion requiring chest tube Exclusion criteria are summarized in Table 3 . Diagnostic thoracentesis with no attempt at evacuating the effusion was not a reason for exclusion.
Determinations
All patients underwent determination of hemoglobin, white blood cell count, platelets, and C-reactive protein in blood, and white blood cell count, pH, lactate dehydrogenase, and glucose in pleural fluid. Blood and pleural fluid cultures were performed, and Streptococcus pneumoniae was investigated in pleural fluid by using antigen detection or polymerase chain reaction assay.
Patients were followed up for 3 months after hospital discharge, with chest radiographs at each visit. In each center, chest radiographs were assessed by a radiologist blinded to the outcome parameters. The radiographs were classifiedas normal,showingsmall changes, or showing considerable pleural thickening.
Randomization
Patients were randomly allocated to receive 1 of the 2 treatments. The computer-generated randomization sequence was stratified according to center and had varying block sizes to ensure balance in the number of patients per group. Once the informed consent was signed, the attending physician accessed a Web platform and obtained the treatment assigned to each new patient. Allocation was carried out at a 1:1 ratio. Treatment was not blinded.
Treatment Protocol
Patients were randomized to receive either VATS debridement or urokinase instillation. It was recommended that VATS be conducted by experienced surgeons or by a resident under the direct supervision of a senior surgeon. The aim of VATS was to break the fibrin septations, aspirate the purulent fluid, and abundantly irrigate the empyema cavity. After the procedure, 1 or 2 chest tubes were left in place.
In patients receiving urokinase treatment, 12F to 14F chest tubes were used, and the insertion site was previously selected by using sonography. The pleural fluid was first drained, and urokinase was then instilled into the pleuralcavity through the chest tube. Ten milliliters of a 1000-IU/mL solution of urokinase in children aged ,1 year and 40 mL in older children was administered every 12 hours for 3 days. 14, 26 After instillation, the chest tube was clamped for 4 hours. It was then unclamped and connected to a suction system at -20 cm H 2 O for 8 hours, until the next dose of urokinase was administered. In both treatment groups, chest tubes were removed when the drainage volume was ,40 to 60 mL/24 h.
Antibiotic treatment recommendations were not included in the study protocol. It was assumed that patientswould receive empiric treatment with antibiotics covering the spectrum of the most common microorganisms in our setting, with subsequent treatment adjustment based on microbiology results. After removal of the chest tube, antibiotic treatment could be administered orally, provided that the patient had been afebrile (#37.5°C) for 24 hours. Patients could be discharged if they had been afebrile for at least 24 hours with oral treatment (suggested discharge criteria).
Persistent fever ($38°C) for .4 days after either of the study treatments, associated with persistent purulent pleural collections on ultrasound, was considered treatment failure. In cases of failure, salvage treatment was performed, which was individually determined by the attending physician according to the needs of each patient.
Outcome Measures
The postoperative length of hospitalization was the primary outcome variable, defined as the number of days hospitalized, starting from the day of the intervention to discharge. The secondary outcomes were the total number of days hospitalized (including the days before initiating treatment), days the chest tube was in place, days the patient had fever after treatment, failure rate of the assigned treatment, and treatment-related complications.
Statistical Analysis
Due to the multicenter nature of the study, demographic characteristics of the children in the 2 treatment groups were compared by using the Wilcoxon ranksum stratified test (van Elteren test) for quantitative variables and the CochranMantel-Haenszel test for categorical 
RESULTS
Over the study period (July 1, 2008-June 30, 2010), 149 patients were assessed as candidates for the trial. Forty-four patients were excluded before randomization for the following reasons: declined to participate (n = 20), did not meet selection criteria (n = 12), and other reasons (n = 12). Thus, 105 patients were randomized to treatment: 53 in the VATS group and 52 in the urokinase group. All patients in the VATS group received the allocated intervention. One patient in the urokinase group was found to have pleural tuberculosis after randomization and did not receive the study treatment. Another patient was erroneously randomized twice and received the first treatment assigned (VATS). Thus, 53 patients in the VATS group and 50 patients in the urokinase group were analyzed. The 2 populations were comparable in terms of baseline characteristics (Table 4) .
Primary End Point
The median length of postintervention hospitalization was 10 days in patients undergoing VATS (interquartile range [IQR]: 7-13) and 9 days in those undergoing urokinase instillation (IQR: 8-12). There were no significant differences between groups (Table 5) .
Secondary End Points
No significant differences were found for total hospital stay, with a median of 14 days (IQR: 10-16) in the VATS group and 13 days (IQR: 10-18) in the urokinase group (P = .60), or duration of fever after treatment (4 days [IQR: [2] [3] [4] [5] [6] [7] with VATS versus 6 days [IQR: 3-7) with urokinase; P = .62) ( Table 5 ). The chest tube was retained longer in patients receiving urokinase (5 days) than in those undergoing VATS (4 days) (P , .001).
Eight (15.1%) patients treated with VATS and 5 (10%) treated with urokinase required another procedure to resolve empyema and were considered treatment failures; these differences were not significant. Analysis of potential factors predisposing to failure (gender, age, duration of symptoms, and days of antibiotic treatment before the procedure) yielded no predisposing factors in either group. Reinterventions are shown in Table 6 .
Microbiology Findings
In 40 (75%) patients from the VATS group and 34 (68%) from the urokinase group, S pneumoniae was identified as the cause of pneumonia (P = .51).
Adverse Events
Forty-three (81.1%) patients in the VATS group and 41 (82%) in the urokinase group had no treatment-or pneumoniarelated complications.
The treatment-related complications encountered were minor, except fora severe bronchospasm requiring tracheal intubation and mechanical ventilation in 1 urokinase-treated patient and a bronchopleural fistula in 1 patient who underwent VATS. There were no bleeding complications in the urokinase group. Complications considered to be related to the patients' pneumonia included 2 bronchopleural fistulas in the VATS group and 1 bronchopleural fistula in the urokinase group, all occurring in patients who had necrotizing pneumonia or a pulmonary abscess (Table 7 ). There were no deaths.
Follow-up
Clinical and radiologic follow-up for 3 months after hospital discharge was possible in 36 (67.9%) patients in the VATS group and 42 (84%) in the urokinase group (P = .28). At the 3-month visit, radiologists considered chest radiographs normal or showing only small changes in 66.7% (24 of 36) of VATStreated patients and 59.5% (25 of 42) of those receiving urokinase (P = .40).
DISCUSSION
Thepresentstudyis the third randomized clinical trial in children that compared VATS and fibrinolytic agents as alternative treatments for parapneumonic empyema. In addition, it is the first multicenter study and the first to exclusively include patients with septated empyema.
The results show that urokinase instillation is as effective as VATS as the initial therapy for treating septated pleural empyema. There were no significant differences between the 2 groups in the length of postoperative hospitalization (ie, the main outcome measure). Furthermore, the only difference found among all the variables studied was the fact that the chest tube was in place longer in the urokinase group. The study design, which required urokinase instillation through the tube for 3 days, may have resulted in bias regarding this variable. Nonetheless, this required use did not lead to lengthier postoperative hospitalization in the urokinase group. The treatment failure rates and requirements for additional procedures were also found to be similar in the 2 treatment groups.
Our resultssupport the notion that initial treatment of purulent pleural effusion in children with VATS or urokinase instillation speeds pus drainage and recovery and, therefore, shortens hospital stay and duration of chest tube placement. In a meta-analysis by Avansino et al, 29 the mean hospital stay of 3418 children undergoing chest tube drainage alone was 20 6 8.3 days; patients required drainage a mean of 10.6 6 3.4 days; and treatment failure occurred in 23.6% of patients. These results are very unfavorable compared with those from studies in which the initial treatment was VATS or urokinase. 27 compared VATS with instillation of alteplase. Both studies were performed in a single center and had similar designs.
Our results are in keeping with the findings from these previous studies in that fibrinolytic instillation and VATS are equally effective for treating patients with more severe empyema. The results of a protocol using fibrinolysis to treat empyema have recently replicated the findings of these previous trials. 30 Although the design of the present study is very similar to the study of Sonnappa et al, 26 there are 2 main differences. First, our study included patients with parapneumonic pleural effusion in sonographic stages 2 and 3 but not those with anechoic, nonseptated effusion (stage 1), who accounted for 16 patients in the study of Sonnappa et al. The second difference was that our trial was a multicenter study. As noted by Sonnappa et al, the results of multicenter studies can be more reliably extrapolated to the general population.
The duration of postoperative hospital stay was longer in both our patient groups than in the earlier studies: 10 days for VATS and 9 days for urokinase versus 6 and 6 days in the study by Sonnappa et al 26 and 6.9 and 6.8 days in the study by St Peter et al, 27 respectively. These differences are not attributable to a delay in transferring our patients for treatment, as the interval was similar to that reported in the study by Sonnappa et al. The lengthier hospitalization in our study may be due, in part, to the fact that children with anechoic, nonseptated effusions were not included in our series, but we believe the main reason is possible differences in pediatric Of note, only 1 patient of the 103 subjects analyzed in our study needed a thoracotomy, as compared with 4 of 30 in the VATS group and an unspecified number in the urokinase group in the trial by Sonnappa et al. 26 All 4 patients in that study were converted to thoracotomy during the initial VATS procedure, based on the surgeon' s perception that the pleural peel would impede proper expansion of the lung. Because the radiologic and functional course of our previously treated patients had demonstrated that residual pleural thickening resolves spontaneously over follow-up, 25 our surgical protocol in the present study did not include debridement of pleural peel on the lung. Debridement is not performed in patients undergoing fibrinolytic treatment, and the risk of parenchymal injury is higher when attempts are made to remove the fibrin layer. In our series, findings on radiographic follow-up at 3 months after hospital discharge were considered normal in 66.7% of patients in the VATS group and 59.5% of those receiving urokinase. There were no later hospital referrals for "trapped lung." Therefore, we believe that the surgeon' s subjective perception of lung distensibility during the acute phase of empyema should not guide the surgery performed.
Our study has some limitations that should be mentioned. First, it was conducted without previous calculation of the sample size because of the unfeasibly large number of patients who would be needed to perform an equivalence study. Nonetheless,the numberof patients ultimately randomized for this trial is the largest among the existing prospective studies having the same objective. Second, the diagnostic sonographic images did not undergo centralized review, and there is a possibility of variability between the readers in the different centers.
The present study has some practical implications. Many second-level pediatric hospitals have the capability to perform ultrasound diagnosis of severe empyema and image-guided chest tube placement, enabling treatment with fibrinolytic drugs. Surgical treatment would not be possible in these centers; children requiring surgery must be transferred to third-level hospitals with surgeons trained to treat them. Second, VATS is a procedure lasting ∼1 hour that requires general anesthesia and involves considerable aggressiveness in a severely ill patient, as was noted in the recent review by Islam et al. 23 Urokinase instillation is much less invasive. Lastly, although we did not perform a comparative cost study between the 2 treatments, previous trials have shown that the surgical option is more costly than fibrinolytic therapy. 26, 27 CONCLUSIONS Initial treatment of septated parapneumonic empyema with fibrinolytic agents is as effective as VATS in children. This multicenter study adds strength to current recommendations 23, 24 to use chemical debridement as first-line therapy in these patients.
